Markers of insulin resistance such as the adiponectin:leptin ratio (A:L) and the homeostasis model assessment ratio (HOMA-IR) are associated with obesity and hyperinsulinemia, both established risk factors for endometrial cancer, and may therefore be informative regarding endometrial cancer risk. This study investigated the association between endometrial cancer risk and markers of insulin resistance, namely adiponectin, leptin, the A:L ratio, insulin, fasting glucose, and the HOMA-IR. We analyzed data from 541 incident endometrial cancer cases and 961 frequency agematched controls in a population-based case-control study in Alberta, Canada from 2002 to 2006. Participants completed interview-administered questionnaires were assessed for anthropometric measures, and provided 8-h fasting blood samples either pre-or postoperatively. Blood was analyzed for concentrations of leptin, adiponectin, and insulin by immunoassay, and fasting plasma glucose levels were determined by fluorimetric quantitative determination. Compared with the lowest quartile, the highest quartile of insulin and HOMA-IR was associated with 64% (95% confidence intervals (CI): 1.12-2.40) and 72% (95% CI: 1.17-2.53) increased risks of endometrial cancer, respectively, and the highest quartile of adiponectin was associated with a 45% (95% CI: 0.37-0.80) decreased risk after multivariable adjustments. Null associations were observed between fasting glucose, leptin and A:L, and endometrial cancer risk. This population-based study provides evidence for a role of insulin resistance in endometrial cancer etiology and may provide one possible pathway whereby obesity increases the risk of this common cancer. Interventions aimed at decreasing both obesity and insulin resistance may decrease endometrial cancer risk.
Introduction
Endometrial cancer is the most common gynecological malignancy afflicting Canadian women with an estimated 4700 new cases and 750 associated deaths in 2011 (Canadian Cancer Society 2011) . Obesity, the strongest risk factor identified to date (Kaaks et al. 2002) , may be associated with endometrial cancer through the release of bioactive substances from adipose tissue (Renehan & Berster 2008) . Adiponectin and leptin, cytokines produced by adipocytes, play an important role in the regulation of food intake, energy balance, and glucose and insulin metabolism (Lihn et al. 2005) . As markers of insulin resistance, the adiponectin:leptin ratio (A:L) and the homeostasis model assessment ratio (HOMA-IR) may help to explain the association of obesity and endometrial cancer risk.
Leptin and adiponectin function in opposition: while leptin decreases tissue sensitivity to insulin and increases insulin levels (Gnacinska et al. 2009 ), adiponectin decreases insulin and glucose production (Lihn et al. 2005) . Hyperinsulinemia and obesity are therefore associated with high leptin and low adiponectin levels, or a low A:L (Gallagher & LeRoith 2010) . The A:L ratio is considered a practical indicator of insulin resistance in both diabetic (Oda et al. 2008) and nondiabetic (Finucane et al. 2009 ) individuals, and is strongly associated with the more conventional measure of insulin resistance, HOMA-IR, which is determined from fasting insulin and glucose levels (Finucane et al. 2009 ). Furthermore, this method may be more sensitive and reliable than HOMA-IR as leptin and adiponectin are more stable in serum than insulin (Finucane et al. 2009 ). To date, no studies have investigated the relationship between HOMA-IR and endometrial cancer, and very few studies have assessed the influence of other measures of insulin resistance and endometrial cancer risk.
This population-based case-control study of endometrial cancer examined the association of markers of insulin resistance, namely the A:L ratio and HOMA-IR, and endometrial cancer risk. Secondary objectives included estimating the risk of endometrial cancer associated with the levels of insulin, fasting glucose, and leptin and adiponectin.
Materials and methods

Study population
From 2002 to 2006, a population-based case-control study of endometrial cancer was conducted in Alberta, Canada, the details of which have been described elsewhere (Friedenreich et al. 2010) . Using a rapid case ascertainment method with the Alberta Cancer Registry and pathology reports, 549 incident, histologically confirmed, primary endometrial cancer cases were recruited. Population-based controls (nZ1036) were recruited through random digit dialing (Waksberg 1978) , and were frequency-matched to cases in 5-year age-groups in a 2:1 ratio. Response rates of 67.9 and 52.2% were achieved for cases and controls respectively. Participants had no previous cancer history (excluding nonmelanoma skin cancer); in addition, controls had no history of hysterectomy or endometrial ablation. Individuals were excluded from the present analysis if they did not provide blood samples (nZ20 cases, nZ56 controls), if interviews were unsatisfactory (nZ7 cases, nZ4 controls), or if they were missing any of the covariate information used in multivariable modeling (nZ8 cases, nZ15 controls). Our final analytic sample consisted of 514 cases and 961 controls. All participants provided informed, written consent, and ethical approval for the study was obtained from the Alberta Cancer Board and the University of Calgary Ethics Review Boards.
Data collection
Participants completed structured, in-person interviews that collected information on demographic characteristics, endometrial cancer risk factors, lifetime total physical activity levels, smoking history, and hormone use. Cognitive interviewing methods were used to facilitate recall of previous activity patterns and lifestyle behaviors. Anthropometric measures (height, weight, waist, and hip circumferences) were taken in three repeat measurements in a standardized fashion, and mean values of each measure used for analysis. Subjects provided 19 ml 8-h fasting blood samples, which for cases were collected before surgery whenever possible (nZ235 presurgical and nZ279 postsurgical bloods). Blood samples were processed into fractions of serum, plasma, red blood cells, and buffy coat, and aliquoted into cryovials that were frozen at K86 8C until analysis. All samples were processed and frozen for storage within 24-h of collection and held in a central biorepository maintained at the Tom Baker Cancer Centre and Holy Cross Centre (Calgary, Canada).
Laboratory assays
Assays were completed by a sole technician who was blinded to the case-control status of the samples in the laboratory of Dr Lau at the University of Calgary. Assays were run in batches of 72 samples (cases and controls in 1:2 ratios) that corresponded to the sequence of data collection. Four quality assurance specimens were included in each assay: i) a pooled serum sample from women of a similar age from the study participants, ii) one randomly drawn case sample, iii) one randomly drawn control sample, and iv) a pooled sample of the selected case and control samples. St Charles, MO, USA), and plasma concentrations of glucose by fluorimetric quantitative determination (Bioassay Systems, Hayward, CA, USA). Mean intraand inter-batch coefficients of variation were, respectively, 4.6 and 5.6% for adiponectin, 4.3 and 7.9% for leptin, 5.0 and 5.3% for insulin, and 3.7 and 4.6% for glucose.
Statistical analysis
Unconditional logistic regression analyses were conducted to estimate odds ratios (OR) and 95% confidence intervals (CI) as an estimate for the relative risk (Breslow 1982) for endometrial cancer in relation to insulin, glucose, HOMA-IR, leptin, adiponectin, and the A:L ratio. Several variables were identified a priori as potentially important covariates to adjust for. Variables that displayed univariate associations with case-control status (P!0.25) and which were also assessed for confounding with all significant covariates in the model included: age at reference, parity (nulliparous vs multiparous), menopausal status and hormone use, oral contraceptive, residential status, type II diabetes, hypertension, number of other comorbidities (modeled as a continuous variable with values of 0, 1, or R2 for the following conditions: hypertension, thrombosis, pulmonary embolism, myocardial infarction, angina pectoris, stroke, high cholesterol), hours of lifetime total physical activity, weight, height, waist-to-hip ratio at reference, alcohol consumption (ever O2.0 g/day), and glycemic load. Other variables that were not considered further for selection (because the univariate association with endometrial cancer was not statistically significant with PO0.25) included age at menarche, age at menopause (for postmenopausal participants), total hours of sedentary activity, total MET-h of total physical activity, smoking status, and marital status. In the multivariable regression models, confounding variables that altered main effect estimates by R15% (Greenland 1989) or variables that were significant at the 0.05 level and which added prediction to the final models were adjusted for, except for age and weight which were forced into all models. Two sets of multivariable models were estimated, the first were adjusted for these covariates and the second set also included mutual adjustment for each of the other insulin-related biomarkers being assessed here.
All quartiles were based on the distribution of the controls. Locally weighted scatterplot smoothing (LOWESS) on all continuous covariates was used as a guide for linearity (Cleveland 1979) . Restricted cubic splines were used to model nonlinear covariates followed by a joint test to confirm the need for nonlinear terms (Harrell 2001) . Collinearity for groups of similar variables was assessed via variance inflation factor and tolerance. Redundancy analyses were used to suggest which variables among a group of similar variables can be predicted from the remaining variables. The bootstrap method was used to select a reduced model (Efron & Tibshirani 1994) . For continuous variables we used the interquartile range (75th quartile-25th quartile) as a meaningful increment change for the biomarkers. Regression diagnostics and influence statistics were completed for final regression models to assess adherence to regression assumptions, and the Hosmer-Lemeshow goodness-of-fit test to assess model fit (Hosmer 2000) . All statistical analyses were completed using the R Statistical Software Package version 2.15 (R Development Core Team) and Stata version 12 (StataCorp., College Station, TX, USA).
Results
Cases were generally heavier, had larger waist and hip circumferences, and had a higher prevalence of comorbidities compared with controls. Cases and controls were comparable on other characteristics such as age, height, menopausal status, hormone use, and residential status (Table 1) .
Overall, cases had higher levels of leptin, insulin, and glucose; lower levels of adiponectin; and higher measures of insulin resistance according to both the A:L ratio and the HOMA-IR (Table 1) . In ageadjusted analyses, increased levels of insulin, glucose, leptin, and HOMA-IR were associated with increased risks of endometrial cancer, and increase in adiponectin levels, and the A:L ratio was associated with a reduction in risk (Table 2) . Increasing categorical levels of biomarkers was associated with increased endometrial cancer risk (P!0.05 for all; Table 2 ).
Most associations of biomarkers and endometrial cancer risk remained with multivariable adjustments, except for leptin, the A:L ratio, and glucose, for which multivariable-adjusted ORs were not statistically significant (Table 3) . Compared with the lowest quartile, the highest quartile of insulin and HOMA-IR was associated with 64% (95% CI: 1.12-2.40) and 72% (95% CI: 1.17-2.53) increased risks of endometrial cancer, respectively, and the highest quartile of adiponectin was associated with a 45% (95% CI: 0.37-0.80) decreased risks of endometrial cancer. 
Discussion
This large, population-based case-control study of endometrial cancer in Alberta, Canada observed increased risks for endometrial cancer with increased levels of insulin and HOMA-IR and decreased levels of adiponectin, using both continuous and categorical classification of variables. Effect estimates were of moderate size, ranging from 45 to 72%.
Few studies have investigated the associations between insulin resistance and endometrial cancer risk. Retrospective case-control studies have identified relationships between endometrial cancer risk and the levels of leptin (Ashizawa et al. 2010) , adiponectin (Petridou et al. 2003 , Dal Maso et al. 2004 , and the A:L ratio (Ashizawa et al. 2010) , but not insulin levels (Weiderpass et al. 2003) . Two (Petridou et al. 2003 , Dal Maso et al. 2004 ) of four studies (Petridou et al. 2003 , Dal Maso et al. 2004 , Ashizawa et al. 2010 , Lasalandra et al. 2010 ) that measured adiponectin found evidence for an association with endometrial cancer risk. One of the negative studies (Lasalandra et al. 2010 ) used hospital-based controls with benign disease and provided no multivariable adjusted risk estimates, and so the results of this study may be confounded. Only one study has investigated the association between endometrial cancer and leptin and the A:L ratio (defined here as the L:A ratio); in this retrospective analysis, leptin levels and the L:A ratio were significantly higher in endometrial cancer cases compared with controls (Ashizawa et al. 2010) . Prospective, nested case-control studies within the European Investigation into Cancer (EPIC; Cust et al. 2007) , the Nurses Health Study (NHS; Soliman et al. 2011) , and the Women's Health Initiative (WHI; Gunter et al. 2008 ) cohorts that measured the levels of biomarkers from prediagnostically collected blood samples provide some support for the relationship of insulin resistance and endometrial cancer. Consistent with our results, the EPIC and WHI studies found an inverse association between endometrial cancer risk and adiponectin (Cust et al. 2007 ) and insulin levels (Gunter et al. 2008) respectively. However, no relationship was observed for adiponectin in the NHS (Soliman et al. 2011) . To our knowledge, no previous Other comorbidities include thrombosis, pulmonary embolism, myocardial infarction, angina pectoris, stroke, and high cholesterol.
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www.endocrinology-journals.org study has investigated the relationship between endometrial cancer and the HOMA-IR. Besides endometrial cancer, the levels of leptin and adiponectin have been associated with the risk of other cancer types including breast, colon, and prostate (Tworoger et al. 2007 , Guadagni et al. 2009 , Wu et al. 2009 , Li et al. 2010 , and there is substantial evidence that links various measures of insulin resistance with the development of cancer and precancerous conditions (Godsland 2010) .
It is biologically plausible that insulin resistance is associated with endometrial cancer risk. Obesity, the most well-established endometrial cancer risk factor (Kaaks et al. 2002) , may be associated with endometrial cancer through the release of bioactive substances from adipose tissue (Renehan & Berster 2008) , including adiponectin and leptin. These adipokines help to regulate the levels and sensitivity of insulin, which is hypothesized to stimulate the growth of endometrial stromal cells upon binding to insulin receptors on endometrial cell membranes (Nagamani & Stuart 1998) . As markers of insulin resistance, the A:L ratio and HOMA-IR may therefore help to explain the association of obesity and endometrial cancer risk. Another possible explanation for these findings is that the endometrial cancer may have resulted in an over-expression of insulin receptors and insulin-like growth factor type I receptors and the expression of hybrid isoforms of both which have been observed with endometrial carcinoma (Belfiorni & Malaguarnera 2011) .
Several study limitations must be considered in light of our findings. As with previous retrospective investigations, in our study it is possible that measures of insulin resistance in cases were influenced by the presence of cancer or cancer treatment, as a proportion of cases provided postoperative blood samples. As cancer surgery elicits a peri-operative metabolic response (Kehlet 2000) , it is possible that the levels of markers were altered among some cases. However, postoperative blood samples were collected after a minimum of 28 days postsurgery (for a median of 5 months), by which time metabolic function is likely to have been restored. Furthermore, our results are in line with those produced from prospective nested casecontrol studies which collected pre-diagnostic blood samples (Cust et al. 2007 , Gunter et al. 2008 . Our research is also limited by the collection of only one blood sample and the potential misclassification of biomarker levels based on a single measure. However, research shows that the levels of adipokines in blood are relatively stable over a period of up to 4 years (Chu et al. 2001 , Pischon et al. 2003 and HOMA-IR is considered a valid and reproducible measure of insulin resistance (Sarafidis et al. 2007 ), although it is recognized that the gold standard approach for assessing insulin sensitivity is the euglycemic insulin clamp. Given the constraints of this population-based, province-wide study, we were unable to perform that assessment of insulin sensitivity and chose, instead, to use HOMA-IR as a proxy measure. Any remaining random misclassification of marker levels among cases and controls would be likely to reduce any differences between the groups and therefore attenuate estimated risks. Given that our study sample included women with diabetes, some of whom were taking diabetes medication, we conducted a sensitivity analysis to assess how our results changed with the exclusion of these women. Negligible changes in ORs were observed when diabetic women were excluded from the analyses. A final limitation to consider is the low response rate, particularly among cases; however, this is unlikely to have introduced bias into our study as participation is unlikely to have been related to exposure measures. Furthermore, cases were similar to controls on many characteristics including residential status (data not shown).
Despite these limitations, our study has several strengths. Our large sample size allowed us to investigate the relation between insulin resistance and endometrial cancer with high precision, and our population-based control sample likely provides adequate representation of the same study base from which cases were accrued. Furthermore, this casecontrol study used comprehensive interviews with study subjects that assessed a large range of important lifestyle and health-related covariates such as hypertension; type II diabetes; history of several other comorbidities including angina pectoris, stroke, thrombosis, hypercholesterolemia, a full dietary history, pack-years of smoking, and the levels of recreational; occupational; and household physical activity.
In conclusion, this population-based study has provided new evidence for a role of insulin resistance in endometrial cancer etiology that may explain one possible pathway, whereby obesity increases the risk of In addition to covariates, mutually adjusted for each of the other biomarkers (glucose, leptin, insulin, and adiponectin). c Additionally adjusted for alcohol intake (O2.5 g ethanol/day).
www.endocrinology-journals.org this common cancer. Future observational studies, with preferably preoperative blood collection, are needed in this novel area of research, particularly to validate our original finding of an association between HOMA-IR and endometrial cancer risk. Interventions aimed at decreasing both obesity and insulin resistance may decrease endometrial cancer risk.
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